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ABSTRACT 


Photovoltaic (PV) system isa renewable form of energy, using direct sunlight and 
converting it into electrical power PV cells which are coupled as an array to generate 
usable electrical energy constitute the most critical parts of this system. Electronic 
converters are required to transform the output of system current &voltage into an 
appropriate form if consider the situation of system load & its requirements. The 
electronic converter more typically employed is a DC-DC converter with a solar cell 
low voltage generating high voltage. This paper looks at the DC/DC converters & PV 
system with references to both cases: the first case is, The design of the system as a loop 
system closed in the first case because the system's scenario is dependent on an different 
types of algorithm separately for MPPT, that captures the sunlight higher amount to 
produce the highest optimized electrical power. Although the system was created with 
MPPT in mind, the simulation was carried out with different a controller such as P&O, 
PSO, Inc and fuzzy logic. The simulation& execution results for such instances are 
shown to demonstrate the ability of o/p voltage to return to steady-state if the input 
voltage impact changed. There is also evidence of a brief settling time & overshoot in 
the output voltage return and comparative result shown that PSO and fuzzy algorithm 
found accepted results means best result compassion with the existing algorithm. This 
optimization was carried out with the assistance of MATLAB 2018(a) 
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1. INTRODUCTION 


In 2012, over 31 gigawatts of solar photovoltaic (PV) capacity was established in the globe, 
rises expected to 84 GW by 2017 [1]. The technology of Microgrid offers several benefits, 
including enhanced reliability of service, low initial costs, and decrease dependency on local 
utilities with the satisfaction of minimum environmental impact& customer the EPIA 
(European Photovoltaic Industry Association) published a technical report. The Microgrid 
technology is required to have an interface of power electronic which includes converters or 
inverters, PWM (Pulse Width Modulation Method) & MPPT control system[2]. In connected 
grid topology (known as grid-interactive)[3] & in island PV system model|[4, 5] it also has the 
capability to perform. In isolated areas (e.g. remote rural areas), other sources of energy, such 
as Satellite systems, transit, charge plants, and mobile applications, cannot deliver adequate 
power, a stand-alone PV system mode is economically advantageous. Solar PV cells, 
unfortunately, have various difficulties, including, the non-linearity among the PV current& o/p 
voltage (1.e. power and voltage) affecting the level and temperature of the irradiance [6], 
Particularly addition, the high production costs and low-efficiency conversion in particular 
when PV is exposed or shaded in part to low irradiance. The MPPT algorithms are therefore 
intended to address these issues and improve the performance of solar cells. Moreover, the most 
crucial aspect of controlling the PV generator is these algorithms (to ensure PV generators track 
their desired MPP. A variety of Maximum power point tracking approaches have been 
suggested by several scientists. Several of these algorithms show good efficiency in tracking 
under different conditions. The current algorithms differ, however, according to their 
complexity of implementation, time response (convergence speed), efficiency, popularity, cost, 
accuracy & other technical features. Constant voltage procedures [7] means that the desired 
maximum voltage (Vmpp) while using the constant K (value of K range 0.7 to 0.95), can be 
achieved by multiplying the required maximum voltage by open-circuit voltages (Voc). 
However, power losses during measurements [8] are the principal downside of the latter 
approach. Furthermore, as the voltage at MPP varies with temperature, the working power is 
never exactly at the Maximum PowerPoint. This approach has a number of advantages, 
including the application of a single voltage sensor and high performance at variable irradiance 
owing to the small difference in voltage at the generator’s photovoltaic terminals. The constant 
current approach has a comparable procedure. Under any particular input irradiance,[9]. The 
ratio b/w the desired maximum current (Impp) & the short circuit current (Isc) is approximated 
by this. This approach has the same benefits & drawbacks as the constant voltage Maximum 
power point tracking. Many other strategies, including such Perturb & Observe (P&O) [10], 
Hill Climbing (HC) [12], Incremental Conductance (IC) [11] & Ripple Correlation Control 
(RCC) [13], are dependent on exploiting the gradient of P-V curve to find the maximum power 
point. The IC technique is frequently employed due to its ease of use (i.e. ease of implantation) 
& high overall MPPT performance. The method relies on a positive left, a negative right &a 
zero at the MPP across the voltage derivative. One of the drawbacks of the techniques is the 
computational complexity necessary to provide acceptable tracking performance under fastly 
altering irradiance. The Converter is used by the RCC, The MPP signal ripple [13]. The target 
output will be approached based on changing the operating current at the MPP location. The 
relatively rapid temporal reaction is one advantage of this technology. The approach is however 
vulnerable to fluctuations in external disturbances, which means the accuracy of the MPP is 
weak compared with other MPPT [2]. Due to the simplicity of its application, cheap costs in 
relation to other ways are most preferred for HC and P&O [14, 15]. HC functions by adjusting 
the power converter (generally DC/DC Boost converter), This results in perturbation to the o/p 
power of the photovoltaic generator. The algorithm now monitors the effects and determines 
the cycle of duty desired direction to reach the MPP. In the same way, the P&O approach 
functions by perturbing the output voltage of the photovoltaic generator & by analyzing its 
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effect on o/p power. It should be noted that the 2 techniques have common disadvantages like 
balance around the MPP without accurate tracking. In addition, the inadequate choices of the 
step size influence system stability, which results in delayed response times and increased 
power losses. MPPT technology is primarily required to react rapidly to environmental changes, 
high efficiency, and low static error. In addition, the approach utilized must be system 
independent parameters, has reasonable complexity &execution cost. FLC is the most common 
and is considered easy to use and improve efficiency. 


In this paper, two MPPTs fuzzy logic recently reported with traditional P&O are comparable 
and discussed. One is the P&O-FLC adaptable and the other one a modified mountain climbing- 
FLC. Section II will examine the modeling of the PV for further clarification of this study. 
Section III will present traditional P&O and modified mountain FLC climbing as well as P&O- 
FEC. 


2. SYSTEM DESIGNS 
2.1. PV MODELING 


Clean electrical energy through light conversion (solar irradiation) produces by using PV cells 
through the photovoltaic effect. No moving parts are necessary for this technique. The equal 
circuit of an ideal solar cell according to semiconductor theory is a parallel current source with 
1 or 2 diodes. This leads to nonlinear properties of current and voltage [17]. parallel resistance 
of cell Rp and Internal series resistance of cell Rs should be included in the model. Rs is 
typically quite small and Rp quite large [6]. The mathematical model that describes a PV 
generator's current-voltage characteristics can be developed by using the single-diode model to 
depict the equivalent circuit of a solar cell: 


Vpv+RsIpv Vpv+RsIpv 

Ipv = np(Iph — Io(exp (q (eee — 1) — ae (1) 

If Ipv & Vpv represents the 0/p power & voltage, ns & np presents the no of solar cells 
connected by series in parallel, the basic electron load is q (1,602 daily10-19C), Iph is the solar 
cell luminous current proportional to the level of the irradiance, the [Ois diode saturation current, 
A 1s the dimensions of the diodes (in Kelvins). 
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Figure 1 The model used for simulations. 
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Figure 2 Irradiation and temperature input to Solar Module 


The PV module is strongly dependent on the level of solar radiation from 200W/m2 to 
1O000W/m2 & on the constant temperature of 25 OC as shown in Fig. 2(A) and (B).The rise in 
the level of solar irradiation results in an enhance in PV current & power. 

The temperature effects are seen in the figure. Three (A)& (B). For constant radiation 


(1O00W/m2) & various, It is noteworthy that a low temperature provides a high open-circuit 
voltage (from -25°C to 75°C)and increased output (1.e., high MPP) in features of P-V. 
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Figure 3 PV curve of Single Module 


Array type: American Choice Solar ACS-335-M; 
6 series modules; 20 parallel strings 
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Figure 4 PV curve for an array 
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Table 1 The Electrical Characteristics 


80 cells 





2.2. DC to DC Boost Converter 


The DC/DC converter is at the core of the MPPT process. Maximum power to the solar panel 
load side for maximum power to be converted via the DC/DC converter [11—14]. This process 
uses the boost converter to alter the o/p voltage by modifying the service cycle to generate high 
power from the solar array, as exhibited in Figure 2. Use the algorithm of MPPT to adjust the 
boost converter’s duty cycle. In current continuous mode (CCM), this converter can be 
developed and simulated using the following equations: 








Vout = — (2) 
1-D)*DR 

Lin (3) 
D Vou 

Cirnin= a7 (4) 


Where D 1s the 1/p voltage and o/p voltage ripple voltage, Vin, Vr, f are the input voltage & 
the load resistance is R, and where D is Vin, Vut, Vr, 
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Figure 5 DC to Dc Boost Converter 
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2.3. MPPT Technique 
2.3.1. Perturbation & Observation 


The MPPT approach is used to get the maximum solar panel output and efficiency. It comprises 
DC-DC converters that connect the load & controller between the photovoltaic panel. The solar 
modules are non-linear, and they are not fixed electrical sources. This makes it harder to use 
the energy to provide any load. The goal is to use a boost converter to adjust the duty cycle 
using an MPPT [1,4,9,13] algorithm. As observed in the PV panel, the MPPT control modifies 
the resistance by adjusting the working cycle of the boost-converter & therefore forces the 
Photovoltaic panel to extract maximum Power Point to the load. Several approaches that can 
efficiently track the MPPT have been developed in present years 
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ANrea{k) =Wres(k) - Wren k-1) 
AP(k) =P(k) - P(k-1) 


Figure.6 Perturbation & Observe algorithm based on maximum power point tracking 


2.3.2. Incremental Conductance (IC) 


The PV array's current is proportional to the amount of light it receives. As a result, when the 
irradiance fluctuates along a slope, the PV current behaves similarly. If the current linearly 
Changes in this theory, there must be a specified current increment that is ideal for a given 
(constant) sampling frequency. The current and power both change in the same direction. The 
current & power don’t smoothly shift when the algorithm is confused, but still utilized by them 
to detect the MPP shift direction. 
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Figure 7 Flow Chart for MPPT for ICT Algorithm 


2.3.3. Fuzzy Logic Controller (FLC) 


The MPPT module is tracked by a fluctuating logic controller. The FLC has a number of 
benefits, like strength, a relatively simple design and no specific information is necessary to 
work. As illustrated in Figure 4 below, the FLC incorporates numerous components like rule 
base deduction, fuzzification & defuzzification. The FLC flow chart for this experiment shows 
in Fig 8. 
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Figure 8 Fuzzy Logic Based MPPT 
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2.3.4. PSO Algorithm 


A flowchart of the conventional PSO algorithm 1s shown in Figure 9, and the steps are described 
below: 


e Step 1: Specify the value of the number of particles, P, and the number of iterations, NV. 


e Step 2: For each particle, initialize its value, namely the duty cycle of a boost converter 
in this study, its value of the velocity Vij, the individual optimized D value, i.e., Pbest, 
(the initial value of D), and the optimized D value of the entire particle swarm, Gbest. 


e Step 3: Given the cognition-only factor Cl, the social-only learning factor C2 and the 
inertial 


weight W, the substitution of the initial value of D into the fitness function gives the 
updated particle velocity, expressed as: 


yet = W * v) ai Cy ” rand(o) 7 (Prest.i _ Pr) a Cy (Prest.i i Pi) 
and D is updated as: 
j+l — yyj+1 
Pree +P; 
Step 4: Either Pij+1 or Pij is saved as Pbest,1 for such D value, whichever is larger. 
e Step 5: Either Pbest,i or Gbest is saved as Gbesi for such D value, whichever is larger. 


e Step 6: Repeat Steps 3—5 until the specified number of iterations is reached. 
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Figure 9 Flow Chart of PSO algorithm 
The nomenclature of typical PSO parameters is given below: 


The number of particles P: The number of particles being tracked for a given initial duty cycle 
D, 


The number of iterations N: Times of travels of each particle, The cognition-only learning factor 
C1: The learning factor in relation to the particle itself, 

The social-only learning factor C2: The learning factor in relation to other particles, 

The inertia weight W: The relation to the distance traveled last time of a particle, 
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Vv! *? . The velocity of particle 1 in iteration j, 

P} : The duty cycle D of particle i in iteration Jj, 

Rand1 (0): The first random number between 0 and 1, 

Rand2 (0): The second random number between 0 and 1, 

Pbest,1 : The individual optimal value of the duty cycle D of particle 1, and 
Gbest : The global optimal value of the duty cycle D among the whole particles. 


Typically, the cognition-only and social-only learning factors C1, C2 and the inertia weight 
W are constants, and are related by 


W =(10-C1 — €2)/10. 


3. SIMULATION RESULTS 
Conventional for assessment and comparative analysis 


The MATLAB-Simulink implements the P&O, FLC, IC algorithms and PSO algorithm. The 
DC/DC Boost converter and Photovoltaic generator are created and installed on MATLAB- 
Sims cape. The PV was tested. The generator consists of a multi-crystalline PV module type 
with a maximum power of 335 W, indicated in Table I as to the electrical requirements. 


3.1. The three-Panel output Curves 


Standard weather conditions compared methodologies (STD) (Level of irradiance = 1000 
W/m2, temperature = 25 OC. The three techniques can be noted that the MPP may be reached 
and tracked but with varying response times. Furthermore, the adaptive P&O, FLC, incremental 
conductance (IC) and PSO based algorithm, MPPT has the quickest response time with 
insignificant static error. 


The PV curves 0/p power for 4 methods comparative with rapid irradiation variations and 
T=25°C constant temperature. The level of irradiation begins at 1000 W/m2, then down at 0.5 
s to 200 W/m2. It may be observed that the irradiance is at 200 W/m2 Conventional P&O 
performs poorly with 1.1 W static errors& response time is slow. 


The modified FLC is a rapid reaction, a moderate static (0.3W) error & more efficient than 
standard P&O. The FLC converges to the MPP. Furthermore, PSO-FLC adaptive works much 
better than both approaches previously used. The time response is the fastest, and the static 
error is low. The sparkling logic of a modified climbing-FLC 1s also much better than traditional 
P&O control adds just 16 rules to the reduction of complexity, but the adaptive P&O-FLC has 
rules of 25. Additionally to static error, reaction time &performing efficiency, the P&O-FLC 
Adaptive outperforms 2 other approaches that were tested. 














Figure 10. Output waveform of voltage, current and power responds from the Perturb and observes algorithm 
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Figure 11 Output waveform of voltage, current and power responds from the Incremental conductance 
algorithm 




















Figure 13. Output waveform of voltage, current and power responds from the PSO algorithm 


At 0.6 sec of the simulation process, the insolation drastically stepped down from 1000 W/m2 
to 700 W/m2. This action satisfied restarting condition and the PSO algorithm auto restarts. 
The best particle was found to be 100 W, while the duty cycle corresponding to the best particle 
is 0.611 with a relative error of 2.29% compared to the theoretical value of 100W and tracking 
higher efficiency compared to others. 
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As per above analysis and its combined wave form stats that the PSO algorithm and fuzzy 
system are best in among of listed four MPPT algorithm and clearly shown no wide difference 
in four shown MPPT’s algorithm. 



































Figure 14. Compression result of voltage waveform of P&O, INC, Fuzzy and PSO based algorithm 


4. CONCLUSION 


MATLAB/SIMULINK software employed the paper with the FLC, PSO, INC and P&O 
technique and the disturbance and observation approach to implement and simulate a 
photovoltaic (PV) system model. In order to generate power from sunlight, photovoltaic (PV) 
systems are employed. Instead of the standard energy sources that require fossil fuels and this 
gives them alternative environmental friendly sources of renewable Manufacture waste & 
contamination. We use the model to calculate the electrical properties affecting solar 
temperature, load impedance, solar radiation & photovoltaic system. The developed 
photovoltaic (PV) system model provides positive outcomes when it comes to identifying the 
system's current-voltage features, the System's power-voltage features, and MPPT. Finally, it 
is obvious that the PSO technique has greater benefit than the perturbations and the observation 
technique when considering the other three approaches applied during the research, as the PSO 
methodology becomes more stable using the PSO, and the MPPT point oscillation is quite low. 
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